Taiwania cryptomerioides HAYATA (Taiwania, Taxodiaceae), an edemic plant, is an important building material. This plant occurs as one genus and one species in Taiwan. Due to the large amount of essential oil, the plant has antifungal and decay-resistant characteristics. We have previously investigated the chemical components of the heartwood [1] [2] [3] and bark [4] [5] [6] [7] [8] of this plant. a-Cadinol, a major component of the heartwood of T. cryptomerioides, shows selectivity for human colon tumor cell lines. 9) In our previous reports of the search for biologically active substance, it was also found that lignans and cadinane-type compounds from this plant have significant cytotoxicity against three human tumor cell lines.
Since there were no chemical studies on the root of this plant or on cadinane derivatives showing biological activities to the best of our knowledge, we were encouraged to study the chemical constituents of its root. We report here five new cadinane-type derivatives, 15-acetoxy-T-muurolol (1), isokhusinodiol (2), cadin-10(14)-ene-4b,5a-diol (3), cadinane-4b,5a,10b-triol (4), and muurolane-4b,5b,10b-triol (5), together with five known components, T-cadinol (6), 12) Tmuurolol (7), 12) a-cadinol (8), 12) d-cadinol (9), 12) and khusinodiol (10). 13) Compound 1 was isolated as an amorphous substance and showed a molecular ion at m/z (M ϩ 280.2043) for C 17 H 28 O 3 . The IR spectrum of 1 showed bonds attributable to an acetoxyl group (1738, 1240, 1032 cm (11) 12) and 15-acetoxy-T-cadinol (12), 14) the structure of 1 was different from the above two cadinol derivatives. The trans-fused 11 and 12 were revealed from the presence of a broad singlet for the olefinic proton H-5. H-5 in 1 appears as a doublet coupling (Jϭ6.0 Hz) with H-6, providing further evidence for the cis-fused muurolene derivative. 1, 3) The signals of H 3 -14 in T-muurolol and d-cadinol are at d 1.16 and 1.27, respectively. 12) In compound 1, H 3 -14 appeared at d 1.17, similar to T-muurolol in an a-equatorial orientation. The further evidence is that H 3 -14 exhibited a nuclear Overhauser enhancement and exchange spectroscopy (NOESY) (see structure 13) correlation with H-2. This evidence confirmed that the methyl group is in an a-equatorial orientation. Thus, based on the above evidence, the structure of 1 was established to be 15-acetoxy-T-muurolol.
High-resolution mass spectroscopy (HR-EI-MS) revealed isokhusinodiol (2) to be a sesquiterpene with the formula C 15 3 , three CH 2 , six CH (including one oxygenated carbon at d 70.9 and one olefinic carbon at d 123.5), and two C (one olefinic carbon at d 132.0 and one oxygenated carbon at 71.2). These data indicated that a secondary alcohol is located at C-2, C-3, C-8, or C-9 in compound 2. Compound 2 is a trans-fused cadinol because the olefinic proton is br s, 1, 3, 9) and the carbinyl proton at d 4.06 with triple doublets (Jϭ9.6, 9.4, 5.6 Hz) can exclude the location of the hydroxyl group at C-3 and C-9. Based on the analysis of the protondetected heteronuclear multiple-bond correlation (HMBC) spectrum, the signal at d 1.20 was assigned to be H-1 which coupled with a carbinyl proton (Jϭ9.6 Hz) and with H-6 (Jϭ10.6 Hz). This evidence supported the trans-fused ring cadinol, and the hydroxyl group positioned at C-2 in the a- . The evidence suggests that it is 1,2-glycol. By the analysis of HMQC and HMBC spectra, the gross structure of 3 was proposed to be cadin-10(14)-ene-4,5-diol or cadin-4(15)-ene-9,10-diol. Based on the comparison of 1 Hand 13 C-NMR data, compound 3 is similar in structure to 15. 15) Analysis of the NOESY spectrum of 3, and the correlation between the carbinyl proton and H-11 (and -12) led to the conclusion that a secondary alcohol is located at C-5. The trans-fused cadinane type was revealed from the NOESY correlation between d 4.57 (H-14) and d 1.66 (H 2 -2) (see structure 16). A NOESY correlation between H 3 -15 and H 2 -3 and no correlation of H 3 -15/H-6 were observed. The evidence confirmed that H 3 -15 was in the a-equatorial orientation. Finally, H-5 was assigned to be in the b-equatorial ori- H-6, and the evidence established H 3 -15 to be in the a-equatorial orientation. Finally, H 3 -14 is in the a-equatorial orientation since there is no NOESY correlation with H-6. Therefore the structure of 4 is assigned to be cadinane-4b,5a,10b-triol.
Fifteen 13 C-NMR signals and exact mass spectrum data confirmed the molecular formula of 5 to be C 15 ) in its IR spectrum. Two IHD (from the DEPT experiment), 13 C-NMR data, and the molecular formula indicated that 5 is a sesquiterpene with three hydroxyl groups. The signals at d 1.18 (3H, s), 1.24 (3H, s), 0.78 and 0.88 (3H each, d, Jϭ6.8 Hz), and 2.07 (1H, H-11, with COSY correlation with d 0.78 and 0.88) suggested that 5 has an isopropyl group and two singlet methyl groups attached to an oxygenated quartenary carbon. In addition to four CH 2 , three CH, and a carbinyl carbon (d 72.3), the structure of 5 was suggested to be a trihydroxycadinane, with two hydroxyl groups located at C-4 and C-10, due to the above evidence. . The structure of 5 was assumed to be a cis-fused muurolane type due to the NOESY correlation between H-15 and H-7, -11, -12, and -13. The evidence also confirmed that H 3 -15 is in the a-axial orientation. Two H-9 signals also showed NOESY correlation with H 3 -14, and a-equatorial H 3 -14 was established. The presence of a carbinyl proton was suggested at C-5 with the a-equatorial orientation based on the following evidence. The carbinyl proton (d 3.78, br s) showed NOESY (see struc- 988 Vol. 51, No. 8 1 H-and 13 C-NMR spectra were recorded on a Varian Unity Plus 400 at 400 and 100 MHz in CDC1 3 solution with tetramethylsilane as an internal standard. EI-MS, FAB-MS, UV, and specific rotations were taken on a JEOL JMS-HX 300, a JEOL JMS-HX 300, a Hitachi S-3200 spectrometer, and a JASCO DIP-180 digital polarimeter, respectively. Extracts were chromatographed on silica gel (Merck 70-230 mesh, 230-400 mesh, ASTM).
Extraction and Isolation An air-dried of slice of T. cryptomerioides (15 kg) was extracted two times with acetone (125 l) at room temperature (7 d each time). The acetone extract was evaporated in vacuo to leave a black residue, which was suspended in H 2 O (7 l), and then partitioned (3 times) with 1 l of ethyl acetate. The EtOAc fraction (365 g) was chromatographed on silica gel using a mixture of n-hexane and EtOAc of increasing polarity as eluent and further purified by HPLC. Ten components, T-cadinol (6) (1.5 g), T-muurolol (7) (1.5 g), a-cadinol (8) (20.5 g), d-cadinol (9) (0.8 g), 15-acetoxy-T-muurolol (1) (5 mg), isokhusinodiol (2) (6 mg), cadin-10(14)-ene-4b,5a-diol (3) (7 mg), khusinodiol (10) (9 mg), cadinane-4b,5a,10b-triol (4) (10 mg), and muurolane-4b,5b,10b-triol (5) (7 mg) were eluted with 20%, 20%, 20%, 20%, 20%, 30%, 30%, 30%, 40%, and 40% EtOAc in a hexane solvent system, respectively.
15-Acetoxy-T-muurolol (1) 
